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FOREWORD 


The  collection  of  environmental  Information  by  men-of-war  dates 
to  the  earliest  days  of  the  United  States  Navy.  In  the  past,  few  of 
these  data  were  processed  immediately;  most  were  logged  for  later 
processing  and  analysis  at  stations  ashore.  Modern  fleet  units  do 
not  have  this  luxury,  for  they  must  be  able  to  respond  rapidly  to  any 
number  of  possible  threats.  Thus,  it  is  Imperative  that  forces 
afloat  not  only  collect  environmental  data,  but  process  and  analyse 
the  data  as  well.  The  procedures  given  in  this  text  provide 
techniques  necessary  to  convert  oceanographic  data  into  a  meaningful 
analysis  for  subsequent  conversion  into  tactical  indices  through 
acoustic  performance  prediction  using  systems  such  as  the  Integrated 
Command  ASW  Prediction  System  (ICAPS) . 


/f  j.  r.  McDonnell 
qt  Captain,  U.S.  Navy 
Commander 
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I.  INTRODUCTION 

Effective  use  of  assets  available  to  ASW  units  requires  an 
awareness  of  the  surrounding  environment.  This  is  particularly  true 
of  underwater  acoustics  because  of  the  effect  of  temperature,  salinity, 
and  pressure  (depth)  on  sound  velocity.  An  experienced  ASW  unit 
commander  recognizes  that  changes  in  these  parameters  and  the  resulting 
change  in  sonar  range  prediction  greatly  affects  the  ability  to  detect 
and  track,  potentially  hostile  submarines.  Although  oceanographic 
analyses  are  available  from  shore-based  Fleet  Weather  Facilities  during 
periods  when  electronic  emission  control  is  not  in  effect,  they  often 
do  not  have  sufficient  data  input  and  detail  to  be  satisfactory.  The 
purpose  of  this  report  is  to  describe  some  techniques  for  on-scene 
analysis  of  oceanographic  data  as  a  necessary  step  in  the  preparation 
of  valid  and  timely  acoustical/ tactical  products. 

On-scene  analysis  of  oceanographic  data  is  not  new.  Experimental 
analyses  were  made  in  support  of  carrier  air  groups  during  the  late 
1950's.  The  availability  of  improved  sensors,  faster  and  more  efficient 
computers,  and  a  better  understanding  of  oceanic  and  acoustic  processes 
requires  that  the  older  techniques  be  updated.  It  is  expected  that  the 
techniques  described  in  this  publication  eventually  will  be  assumed  by 
fully  automated  systems.  Even  then,  an  analyst  who  understands  oceanic 
processes  will  be  required  to  evaluate  the  output.  The  success  of  any 
on-scene  sonar  range  prediction  system  is  predicated  on  the  quality  and 
relevancy  of  the  input  data.  For  example,  depth  -  temperature  values 
input  from  an  expendable  bathythermograph  (XBT)  probe  that  malfunctioned 
for  any  one  of  a  number  of  reasons  may  produce  un-eliable  sonar  predic¬ 
tions.  Similarly,  data  input  representative  of  Slope  Water  north  of  the 
Gulf  Stream  would  provide  misleading  predictions  if  used  in  the  Sargasso 
Sea.  It  is  the  responsibility  of  the  oceanographic/environmental  analyst 
to  assure  that  input  data  are  both  accurate  and  representative  of  existing 
conditions.  The  preparation  of  a  water  mass  analysis  provides  a  process 
that  examines  not  only  the  accuracy  of  oceanographic  data,  but  establishes 
the  geographic  limits  of  observations  with  similar  characteristics  as 
well.  Unfortunately,  the  analyst  frequently  has  received  little  training 
in  preparing  oceanographic  analyses.  This  text  provides  a  method  of 
oceanographic  analysis  of  relatively  small  geographic  areas — on  the 
order  of  200  nmi  or  smaller — as  an  integral  part  of  on-scene  sonar  range 
prediction,  with  particular  application  to  automated  systems  such  as  the 
Integrated  Command  ASW  Prediction  System  (ICAPS) . 

Material  covered  in  this  report  is  divided  among  three  general 
topics:  (1)  collection  and  quality  control  of  oceanographic  data;  (2) 

major  oceanographic  features,  and;  (3)  analysis  of  synoptic  environmental 
data  to  provide  near  real-time  information  as  to  location  and  characteristics 
of  such  features.  Because  the  report  is  designed  as  a  guide  for  ICAPS 
users,  it  occasionally  refers  to  computer  software  included  in  that 
system  such  as  the  deep  water  mass  history.  However,  most  of  the  text 
will  apply  to  all  systems. 
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II.  DATA  REQUIREMENTS 

Environmental  information  required  for  sonar  range  prediction 
includes  a  sound  speed  profile  from  sea  surface  to  ocean  floor,  wave 
heights,  depth  and  acoustic  reflectivity  of  the  bottom,  ambient  noise, 
and  scattering  coefficients.  The  sound  speed  profile  normally  is 
generated  by  merging  a  real-time  X5T  trace  with  deep  historical 
temperature  data,  selecting  a  salinity  value  for  each  depth-temperature 
pair,  and  converting  these  data  to  sound  speeds.  Most  deep  histories 
provide  a  single  set  of  values  for  a  given  area.  The  1CAPS  file, 
however,  provides  deep  histories  for  each  water  mass  indigenous  to  the 
area  under  consideration.  Description  of  the  ICAPS  history  and  method 
of  combining  real-time  data  with  historical  data  is  too  complex  to 
Include  here,  but  may  be  found  in  reference  (1)*. 

Water  depth  and  acoustic  bottom  type  are  required  inputs  to 
compute  bottom  bounce  and  convergence  zone  propagation.  The  former  may 
be  determined  either  by  fathometer  or  reference  to  nautical  charts. 

Bottom  type-required  to  determine  the  amount  of  energy  reflected  from 
the  bottom — is  input  on  a  1  to  9  scale  for  frequencies  at  or  above  1000 
Hz  with  a  simplified  scale  below  1000  Hz  (2,  3).  Bottom  loss  type  and 
mean  water  depth  for  each  prediction  area  for  the  Northern  Hemisphere 
and  the  Indian  Ocean  may  be  found  on  the  ASW  Prediction  Area  Charts. 

These  data  also  are  stored  in  the  ICAPS  history  by  30-minute  rectangles, 
thus  enabling  the  user  to  default  to  the  history  if  more  accurate 
positioning  is  not  required. 

Ambient  noise — the  summation  of  noise  caused  by  waves, 
precipitation,  marine  biota,  shipping  and  industrial  noises — detracts 
from  the  ability  to  detect  potential  targets.  Ship  noise  and  cavita¬ 
tion  are  the  major  sources  of  ambient  noise  at  frequencies  below  50  Hz, 
whereas  sea  state  usually  is  the  largest  contributor  at  frequencies  in 
the  100  to  5000  Hz  range.  Depending  upon  the  prediction  model  used, 
wind  speed  or  wave  height  is  used  as  input  for  estimates  of  ambient 
noise  in  the  higher  frequency  range.  Direct  ambient  noise  measure¬ 
ments  are  possible  using  the  AU/SSQ-57  sonobuoy  and  certain  sonars  in 
the  passive  mode,  but  are  of  limited  value  because  of  the  rapid  varia¬ 
tion  of  ambient  noise  with  respect  to  time  and  space  and  the  inadequacies 
of  recording  equipment.  Tables  are  available  to  compute  ambient  noise 
as  a  function  of  region  and  wave  height  (4,  5). 

To  obtain  sonar  predictions  in  the  active  mode,  the  analyst 
must  determine  the  appropriate  scattering  coefficients.  Volume 
scattering — a  measure  of  the  amount  of  energy  reflected  by  suspended 
particles  in  the  ocean,  fish,  and  marine  organisms — is  directly  related 
to  the  number,  type,  and  distribution  of  the  scatters.  Layer  scattering 
is  attenuation  caused  by  the  millions  of  marine  organisms  which  form  the 
deep  scattering  layer.  Both  scattering  coefficients  are  frequency 
dependent  and  vary  rapidly  with  space  and  time.  Because  real-time 
scattering  data  are  seldom  available,  default  values  are  given  in  ref¬ 
erence  (6)  based  upon  values  developed  at  the  Fleet  Numerical  Weather 
Central  (FLENOMWEACEN) . 


*References  will  henceforth  be  indicated  by  reference  number  enclosed 
in  parentheses. 
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III.  THERMAL  STRUCTURE  DATA  SOURCES 

Because  sound  speed  profiles  are  rarely  available  to  operating 
Fleet  units,  real-time  thermal  structure  observations  are  normally  used 
in  conjunction  with  deep  historical  temperature  and  salinity  data  to 
approximate  the  sound  field.  Sources  of  temperature  data  include  the 
shipboard  expendable  bathythermograph  (XBT)*,  thermistors  mounted  on 
helicopter  sonars  or  submarine  sail,  airborne  expendable  bathythermo¬ 
graph  (AN/SSQ-36),  submarine  bathythermograph,  mechanical  bathythermograph, 
injection  intake  thermometer,  and  infrared  imagery  from  aircraft  and 
satellites.  Although  few  ASW  units  are  able  to  obtain  data  reports 
from  all  of  the  above  sources,  most  are  available  from  accompanying 
units. 

As  in  all  instrumentation,  the  above  temperature  sensing 
devices  are  subject  to  measurement  error.  The  XBT  is  the  most  accurate 
sensor  available  to  fleet  units.  It  has  cemperature  errors  within 
0.2°C  95  percent  of  the  time  and  depth  errors  of  2  percent  or  5  m, 
whichever  is  greater  (7) .  The  SSQ-36  is  rapidly  approaching  the 
capabilities  of  the  shipboard  system,  but  requires  a  better  readout 
capability.  Because  submarine-mounted  XBT  systems  are  being  introduced 
to  fleet  units,  a  data  base  to  compute  error  rate  and  accuracy  is  not 
yet  available, 

Few  mechanical  bathythermograph  observations  are  made  today 
because  of  the  superiority  of  the  XBT  systems.  Mechanical  BT's  are 
difficult  to  keep  calibrated,  are  limited  to  270-m  depths,  and  require 
the  user  to  reduce  speed  to  below  15  knots.  Injection  temperature 
readings  are  affected  by  engine  room  temperature,  frequently  read  by 
disinterested  engineering  personnel,  and — because  the  sensor  is  located 
at  varying  depths  below  the  surface — may  not  truly  represent  surface 
temperature  because  of  the  effect  of  seasonal  thermoclines. 

Airborne  and  satellite  infrared  (IR)  imagery  require 
corrections  prior  to  use  as  sources  of  surface  temperature  values. 

While  correction  tables  are  available  for  the  former,  none  exist  for 
satellite  data.  In  the  absence  of  cloud  cover  and  sea  spray  they  provide 
superb  definition  of  major  oceanic  features  such  as  fronts  and  eddies. 
Although  these  data  generally  are  available  only  to  select  units;  oceanic 
analyses  made  using  IR  data  are  broadcast  to  fleet  units  by  facsimile. 

IV.  QUALITY  CONTROL 


All  data  input  to  sonar  range  prediction  models  or  oceanic 
analyses  must  be  quality  controlled  to  eliminate  misleading  data. 

For  example,  a  study  of  411  XBT  traces  encoded  during  two  fleet  exercises 
for  transmission  to  FLENUMWEACEN  showed  an  error  rate  greater  than  60 
percent  (8).  After  elimination  of  encoding  errors,  the  errors  fell 
into  three  basic  types:  (1)  failure  to  select  depth-temperature  pairs 

*3athythermogram  data  from  all  sources  will  be  referred  to  as  XBT  data 
because  of  the  predominance  of  expendable  systems. 


that  were  representative  of  the  XBT  trace,  (2)  failure  to  recognize 
malfunctioning  XBT  probes,  and  (3)  positioning  errors.  If  these  data 
were  included  in  an  oceanographic/acoustic  analysis  they  could  show 
non-existent  oceanic  features. 

With  few  exceptions,  the  process  of  preparing  XBT  traces  for 
input  into  a  soiar  range  prediction  model  is  like  that  used  to  encode 
the  XBT  trace  fo.-  transmission  as  BATHY  messages.  For  this  reason 
instructions  for  encoding  XBT  traces  are  given  in  Appendix  A.  The 
purpose  of  encoding  is  to  convert  a  continuous  record  from  an  XBT  trace 
to  a  number  of  depth-temperature  pairs  suitable  for  input  to  the 
computer*.  Computer  space  may  limit  the  number  of  data  points  that 
can  be  input,  e.g.,  a  maximum  of  15  points  can  be  used  in  ICAPS. 

Although  ICAPS  input  may  be  in  either  engineering  (°F,  ft.)  or  metric 
units  (°C,  m) ,  current  instructions  (9)  require  that  XBT  messages  for¬ 
warded  to  FLENUMWEACEN  be  in  metric  units,  thus  requiring  conversion 
to  metric  units  during  encoding.  There  appears  to  be  a  tendency  among 
observers  to  record  temperature  values  at  constant  depths  (e.g., 

100-m  intervals)  to  reduce  the  number  of  values  that  must  be  converted. 
This  causes  some  acoustically  important  features,  such  as  sound  channels, 
to  be  missed. 

Failure  to  recognize  malfunctioning  probes  is  the  most  difficult 
to  correct  of  all  error  sources.  XBT  probes  frequently  are  not  stowed 
in  upright  positions  and  are  left  in  areas  where  ambient  temperatures 
are  greater  than  32°C  (90°F) .  Under  these  conditions,  the  insulation 
in  the  probe  cannister  melts,  causing  wire  leakage,  wire  breakage,  and 
uneven  unspooling.  Contact  with  the  ship's  hull  or  towed  sensor, 
electromagnetic  interference  from  radar  and  radio  transmission, 
stretching  of  the  wire  near  the  bottom  of  the  trace,  and  recorder 
problems  also  cause  erroneous  traces.  In  water  shallower  than  460  m, 
the  XBT  recorder  continues  to  function  after  the  probe  strikes  bottom. 

An  untrained  observer  may  record  this  data  which,  of  course,  is  unreal. 
Excessive  motion  of  the  XBT  platform  during  severe  weather,  turbulence 
near  water  mass  boundaries  and,  in  the  case  of  air  dropped  probes, 
washover  cause  malfunctions  from  natural  sources.  Examples  of  common 
XBT  malfunctions  are  provided  in  Appendix  B  to  help  in  recognizing 
erroneous  traces. 

Position  errors  may  cause  apparent  radical  departures  from 
actual  conditions.  For  example,  an  XBT  taken  north  of  the  Gulf  Stream 
with  an  erroneous  position  could  cause  the  analyst  to  draw  a  cold  eddy 
south  of  the  Stream.  The  most  common  sources  of  positioning  error 
are  transposition  of  numbers  (i.e.,  57°W  instead  of  75°W)  or  erroneous 
positions.  These  errors  frequently  may  be  corrected  by  comparison  to 
a  dead  reckoning  (DR)  plot  of  the  reporting  unit. 


*Future  on-scene  XBT  recorders  will  likely  have  digitizers  to  put  the 
data  directly  into  the  computer,  in  which  case  the  operator  must 
edit  the  trace  on  a  computer  display  terminal  or  similar  device 
to  eliminate  errors  caused  by  the  XBT  system. 
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If  data  are  received  in  BATHY  message  format,  the  analyst 
should  plot  the  trace  to  assure  correctness.  The  ICAPS  program  has  an 
editing  feature  that  automatically  plots  the  XBT's  input,  relieving 
the  analyst  of  this  function.  In  addition  to  reviewing  position, 
the  analyst  must  check  the  encoded  depth-temperature  pairs  for 
feasibility.  Communication  garbles,  reversed  digits,  conversion  errors, 
and  omission  of  the  999XX  depth  indicator  can  have  considerable  effect 
on  the  data.  Depth  and  temperature  errors  caused  by  transposition  of 
numbers  (72155  instead  of  27155)  often  can  be  detected  by  examining 
the  data  immediately  above  and  below  the  point  in  question.  The  best 
means  of  detecting  erroneous  data  is  by  comparison  with  data  that  is 
believed  to  be  correct.  These  latter  data  include  observations  taken 
in  the  same  area  and  the  seasonal  deep  history  stored  in  the  ICAPS 
history  file.  An  ICAPS  file  providing  XBT  traces  typical  of  each  water 
mass  by  month  is  being  compiled  to  provide  additional  guidance. 

Wnc:;  a  layer  of  cold,  low  salinity  water  (called  a  temperature 
inversion)  is  found  between  layers  of  warmer,  more  saline  water,  sonic 
energy  is  trapped  within  the  layer  forming  a  sound  channel.  Well 
defined  sound  channels  may  persist  for  several  months  near  the  boundary 
of  water  masses  having  different  temperature-salinity  characteristics. 
Temperature  inversions  in  moderate  latitudes  rarely  occur  at  depths 
greater  than  100  m,  whereas  weak  inversions  (0.1°  to  0.2°C)  are  found 
to  400  m  or  deeper  in  polar  regions.  An  exception  to  this  rule  occurs 
in  the  boundary  zone  between  the  Kuroshio  and  Oyashio  Currents  in  the 
western  North  Pacific  where  well-defined  inversions  occur  at  depths 
exceeding  400  m.  The  analyst  should  suspect  observations  that  exhibit 
inversions  that  are  inconsistent  with  those  described  above.  As  a  rule 
of  thumb,  deep  inversions  should  be  ignored,  unless  the  feature  is 
observed  repeatedly. 

Temperature  spikes  to  the  high-temperature  side  of  the  trace  are 
caused  by  leakage  in  the  probe  wire  and  electromagnetic  interference. 

A  gr  idual  temperature  increase  near  the  bottom  of  the  trace  is  a  result 
of  «ire  stretch  or  fictitious  data  recorded  after  the  probe  hits  bottom. 
A  sudden  temperature  increase  to  the  right  side  of  the  trace  followed 
by  constant  or  slightly  decreasing  temperature  indicates  probe  failure. 
These  failures  are  more  obvious  than  those  described  in  the  preceding 
paragraph  and  the  experienced  analyst  will  have  no  problem  recognizing 
them. 


When  minor  discrepancies  are  noted  on  an-  XBT  trace,  the  analyst 
frequently  tends  to  correct  data  by  applying  a  correction  to  ensuing 
depth-temperature  pairs.  This  procedure  is  not  valid  and  should  be 
used  only  as  a  last  resort.  If  data  are  plentiful,  the  analyst  should 
disregard  an  observation  that  differs  markedly  from  surrounding  observa¬ 
tions.  In  the  absence  of  considerable  data  the  analyst  cannot  eliminate 
an  observation  if  it  is  possible  that  it  indicates  the  presence  of 
mesoscale*  oceanic  feature  such  as  an  eddy. 


*0n  the  order  of  100  kilometers  in  size. 
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V. 


OCEANOGRAPHY 


Water  Masses 


The  near-surface  layer  of  the  ocean  is  not  homogeneous,  but 
is  divided  into  numerous  water  masses,  each  having  a  unique  temperature- 
salinity  relationship.  Thus,  water  north  of  the  Gulf  Stream  is  readily 
differentiated  from  water  to  the  south  of  the  Stream  by  its  relatively 
low  temperature  and  salinity.  At  depths  of  200  to  300  m — where 
seasonal  change  is  minimal,  but  within  the  depth  range  of  the  XBT — 
water  masses  can  generally  be  identified  from  thermal  characteristics 
alone  (1).  For  example,  during  June  95  percent  of  sea  surface  tempera¬ 
tures  (SST)  in  slope  water  fall  in  a  range  of  16.3°  to  26.6°C;  differing 
little  from  the  range  of  21.4°  to  27.6°C  found  in  the  Sargasso  Sea. 
However,  at  a  depth  of  200  m  the  ranges  differ  considerably:  9.4°  to 
14.5°C  in  slope  water  in  contrast  to  16.5°  to  20.0°C  in  Sargasso  water. 

Where  temperature  values  at  200  m  are  similar  for  adjacent 
water  masses,  a  second  criterion  is  required  to  separate  them.  For 
example,  both  Gulf  Stream  water  and  Sargasso  water  have  a  temperature 
range  of  15°  to  25°C  at  200  m;  however,  a  layer  of  near-isothermal  water 
extends  to  depths  exceeding  300  m  in  the  Sargasso  Sea,  but  not  in  the 
Gulf  Stream.  Examination  of  oceanographic  data  from  the  northwestern 
Sargasso  Sea  showed  that  95%  of  all  observations  in  that  area  had  a 
temperature  difference  between  -1.6°C  and  0.0°C  in  the  layer  between 
200  and  300  m.  Thus,  the  temperature  difference  between  200  and  300  m 
is  used  to  distinguish  Sargasso  water  from  Gulf  Stream  water.  Additional 
investigation  indicated  that  the  temperature  difference  criterion  worked 
equally  well  in  other  areas,  and  it  has  oeen  adopted  as  a  'tie  breaker' 
when  temperature  criteria  are  similar  at  the  200-m  level.  It  should  be 
noted  that  some  water  masses  occur  in  the  near-surface  layer  only  and 
do  not  extend  to  200  m.  Because  these  changes  occur  within  the  depth 
range  of  XBT,  a  single  historical  file  is  sufficient  for  both  water 
masses . 


Oceanic  Fronts 


Considerable  changes  occur  in  the  temperature-salinity 
structure  in  both  the  horizontal  and  vertical  planes  in  the  boundary 
zones  between  water  masses.  These  zones — called  oceanic  fronts — are 
areas  of  intense  mixing,  generally  10  to  50  nmi  in  width.  Surface 
temperature  differences  across  a  strong  front,  such  as  the  Gulf  Stream, 
may  be  greater  than  10°C  with  horizontal  gradients  approaching  2°C/nmi. 
It  is  not  unusual  for  multiple  gradients  to  occur  in  step-like  progres¬ 
sions  across  a  front.  Salinity  difference  across  a  strong  front  may 
approach  2  parts  per  thousand.  The  different  temperature  and  salinity 
regimes  found  on  either  side  of  the  front  cause  density  gradients  across 
the  front  so  that  the  lighter  water  mass  forms  a  wedge  above  the 
heavier  (denser)  water  mass.  Thus,  the  front  at  depth  may  be  offset 
considerably  from  the  surface  expression  of  the  front.  Figure  1  shows 
the  worldwide  distribution  of  fronts  based  on  the  criteria  provided 
in  table  1  (9) . 
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Anomalous  features  such  as  upwelling  and  eddies  may  occur 
within  a  water  mass.  For  example,  strong  winds  accompanying  a  weather 
system  can  cause  divergence  of  surface  water,  allowing  upwelling  of 
cold  sub-surface  water.  Convergence  of  surface  water  may  cause  poorly 
defined  fronts  such  as  those  found  in  the  Sargesso  Sea.  Instability  of 
dynamic  features  cause  wave-like  meanders  to  form  and  subsequently 
progress  as  waves  along  a  front.  Warm  eddies  of  Gulf  Stream  origin 
may  be  injected  into  slope  water  northwest  or  the  Stream  when  meanders 
become  unstable.  Similarly,  extreme  meandering  of  the  Gulf  Stream 
similar  to  the  ox  bow  pattern  of  old  rivers  may  entrap  slope  water, 
thus  causing  cold  eddies  in  the  Sargasso  Sea.  Eddies  range  from  50  to 
200  nm  in  diameter  and  can  be  expected  to  retain  the  circulation 
pattern  of  their  origin.  Eddy  life  span  varies  from  weeks  in  the  case 
of  a  warm  eddy  to  as  long  as  two  years  for  a  cold  eddy.  Although 
eddies  and  meanders  have  most  frequently  been  described  along  major 
frontal  systems  such  as  the  Gulf  Stream  and  the  Kuroshio,  weaker 
anomalies  no  doubt  occur  near  weaker  fronts. 

Longevity  and  intensity  of  fronts  and  eddies  are  greatly 
affected  both  by  existing  conditions  of  contiguous  water  masses  and  the 
overlying  atmosphere.  Cold  eddies,  being  denser  than  the  surrounding 
warm  water,  will  sink  at  a  rate  of  up  to  1  m  per  day.  Thus,  an  old, 
cold  eddy  may  not  be  evident  from  surface  observations  alone.  Surface 
warming  of  fronts  during  summer  frequently  masks  the  surface  indications 
of  a  front;  however,  subsurface  horizontal  temperature  gradients  and 
sound  Channels  may  exist  throughout  the  summer.  Warm  eddies  lose  heat 
to  the  atmosphere  faster  than  the  surrounding  cold  water  in  winter  with 
the  result  that  surface  cooling  may  mask  the  eddy.  Masking  also  occurs 
in  summer  when  the  surface  of  the  surrounding  cold  water  may  be  warmed 
to  near  that  of  the  eddy. 


TABLE  1 

Criteria*  for  rating  the  relative 
strength  of  ocean  fronts 

Maximum  change  Change  in 


in  sound  speed 

Sonic  Layer  Depth  Depth 

Occurrence 

(m/sec) 

Cm) 

(m) 

Strong 

30 

150 

1000 

year-round 

Moderate 

15-30 

30-150 

100-1000 

year-round 

Weak 

15 

30 

100 

selected 
seasons  only 

*Table  taken  from  reference  (10) 
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Figure  1 .  Worldwide  distribution  of  oceanic  fronts 


Frontal  Acoustics* 


An  oceanographic  front  is  not  only  a  boundary  separating 
temperature-salinity  regimes,  but  also  separates  acoustic  regimes. 
Because  dynamic  instability  is  inherent  to  frontal  regions,  acoustic 
conditions  can  be  expected  to  vary  considerably.  Variations  that 
occur  during  a  frontal  transit  include: 

•  Surface  sound  speed  may  differ  as  much  as  30  m/s  on 
either  side  of  the  front. 

•  Differences  in  sonic  layer  depth  of  300  m  can  exist  on 
either  side  of  the  front  depending  upon  season. 

•  Changes  in  in-layer  and  below-laver  gradients  usually 
accompany  changes  in  surface  sound  speed  and  sonic  layer  depth. 

•  The  depth  of  the  deep  sound  channel  axis  may  differ  by 
as  much  as  800  m  on  either  side  of  the  front. 

•  Increased  biological  activity  generally  found  along  a 
front  will  increase  ambient  noise  and  scattering. 

•  Sea-air  interaction  in  a  frontal  zone  can  cause  a 
dramatic  change  in  sea  state  when  wind  opposes  ocean  currents,  thus 
increasing  ambient  noise. 

•  Refraction  of  sound  rays  passing  through  a  front  at 
oblique  angles  may  cause  bearing  errors. 

•  Interaction  of  the  water  masses  on  either  side  of  the 
front  may  cause  near-surface  sound  channels  (temperature  inversions). 

VI.  ENVIRONMENTAL  DATA  ANALYSIS 


Environmental  Data  Collection** 

Adequate  XBT  data  coverage  in  operating  areas  is  needed  to 
delineate  water  masses,  ocean  fronts,  eddies,  and  other  thermal 
features  that  affect  sound  propagation.  However,  the  limited  availability 
of  computer  processing  time  will,  in  most  cases,  preclude  converting 
all  XBT  data  collected  into  sonar  range  predictions.  Even  if  it  were 
possible  to  process  all  XBT  data  collected,  it  would  be  difficult  to 
effectively  present  all  the  computed  information  to  users  owing  to  the 
sheer  number  of  the  graphics  generated.  Therefore,  it  is  important 
to  carefully  analyze  the  ocean  environment  to  determine  areas  of  common 
thermal  structure,  ocean  fronts,  and  eddies.  Once  analyzed,  XBT  data 
representative  of  each  water  type  present  can  be  processed,  and  products 
from  these  data  keyed  to  a  water  mass  boundary  chart  can  be  presented  to 


*The  material  in  this  section  is  based  on  a  report  by  Cheney  and  Winfrey  (10) 

**Material  in  this  section  is  based  on  reference  (6). 
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the  user.  Processing  time  may  be  reduced  considerably  by  use  of  the 
1CAPS  editing  feature.  Presently,  XBT  data  must  be  manually  plotted 
and  analyzed  to  determine  which  profiles  should  be  submitted  for 
acoustic  processing.  The  Analysis  Section  is  intended  to  provide 
guidance  in  plotting  and  interpretation  of  environmental  data. 

An  oceanographic  analyst  must  coordinate  the  preparation 
of  on-scene  XBT  data  for  the  computer  operator  and  establish  the 
requirements  for  specific  ICAPS  program  runs.  XBT  drops,  reported 
from  naval,  research,  and  commercial  vessels  on  a  regular  basis  in 
the  form  of  BATHY  reports  (9),  provide  the  best  source  of  oceanographic 
data.  When  several  escorts  are  in  company,  observations  usually  are 
taken  by  assigned  BT  guardship  duty.  In  addition,  AXBT  observations 
may  be  available  from  carrier  and  land-based  air  groups.  Arrange¬ 
ments  should  be  made  to  assure  that  information  copies  of  all  XBT 
data  are  channeled  to  the  oceanographic  analyst,  since  the  present 
OPNAV  instructions  specify  that  XBT  data  can  be  transmitted  directly 
by  at-sea  observing  units  to  FLENUMWEACEN  (9) .  Because  of  the  many 
errors  made  in  encoding  BATHY  messages  the  analyst  should  use  the 
original  XBT  trace  to  prepare  the  analysis,  whenever  possible. 

If  the  complexity  of  the  ocean  environment  requires  more 
frequent  XBT  drops  from  surface  units  to  adequately  delineate  water 
masses  in  a  given  operating  area,  the  usual  BT  guardship  concept  can 
be  amended  to  furnish  additional  data,  particularly  if  the  escorts  are 
in  close  formation.  By  this  amended  procedure,  drops  are  made  at 
staggered  times  so  that  fewer  ships  report  to  the  flagship  at  any  one 
time.  For  example,  destroyer  A  would  make  a  drop  at  0200Z,  destroyer 
B  at  0400Z,  and  continue  with  subsequent  drops  at  4-hour  intervals 
thereafter.  Such  a  schedule  permits  a  steady  flow  of  data  to  the 
analysis  team,  eliminates  a  heavy  communication  load  at  the  normal 
reporting  time,  and  permits  better  sampling  of  the  ocean  by  a  more 
even  distribution  of  drops.  Many  destroyers  make  routine  hourly  drops 
when  engaged  in  ASW  operations,  and  these  data  may  be  of  great  value 
to  the  environmental  teams.  It  also  may  be  possible  to  obtain  addi¬ 
tional  data  in  remote  areas  by  vectoring  patrol  aircraft  to  those 
locations.  Observations  taken  in  this  manner  in  future  operating 
areas  are  particularly  useful. 

Oceanographic  Data  Processing 

Detailed  analysis  of  XBT's  to  delineate  water  mass  and  other 
thermal  features  is  a  complex  procedure  and  entails  the  predetermina¬ 
tion  of  water  mass  characteristics  and  careful  matching  of  observed 
XBT's  to  those  criteria  in  order  to  classify  them.  The  ICAPS  program 
includes  routines  to  automatically  classify  XBT  data  by  water  mass 
as  an  aid  to  on-board  analysis.  Units  without  ICAPS  can  manually 
analyze  the  data  using  Appendixes  C  through  E  to  determine  water  mass 
criteria.  Oceanographic  data  normally  plotted  include  sea  surface 
temperature  (SST) ,  sonic  layer  depth  (SLD) ,  and  water  mass  boundaries. 
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The  analyst  may  wish  to  plot  temperature  at  the  200-m  level  (T2Q0)* 
and  the  temperature  difference  between  200  and  300  m  (DT)  as  an  aid 
in  water  mass  identification,  temperatures  at  selected  depths,  and 
temperature  gradients  (in-layer,  below-layer) . 

The  initial  step  in  preparing  an  analysis  is  the  collection 
and  examination  of  available  data.  Obviously,  erroneous  data  should 
be  discarded  and  questionable  data  identified.  The  analyst  is 
encouraged  to  enter  the  data  in  a  log  such  as  that  shown  later  in 
the  text,  both  as  an  aid  in  preparation  of  the  analysis  and  as  a 
record  for  later  reference.  It  should  be  noted  that  all  units  are 
given  in  the  metric  system  in  order  to  be  consistent  with  the  current 
BATHY  message  format  (9) .  SST  is  generally  available  from  XBT  observa¬ 
tions  and  injection  intake  thermometer  reports.  The  latter  data  are 
particularly  subject  to  errors  and  must  be  used  with  care.  Temperature 
values  at  specified  depths  (200  and  300  m  in  the  sample  given)  and, 
where  desired,  additional  information  are  computed. 

The  temperature  difference  between  200  and  300  m  is  computed 
using  the  relationship 

DT  =  T300  -  T200 

Some  analysts  like  to  determine  the  temperature  gradients 
immediately  above  and  below  sonic  layer  depth  to  provide  a  crude 
measure  of  refraction  of  sonic  energy.  The  in-layer  temperature 
gradient  giving  temperature  gradient  per  hundred  meters  between  the 
surface  and  SLD  is  determined  from  the  relationship 

ILG  =  (TSLD  -  SST)  x  100/SLD 
The  below-layer  gradient  is  normally  defined 

BLG  =  (TL  -  TSLD)  x  100/L 

where  L  is  the  thickness  of  the  layer  considered  below  SLD  (normal  25 
or  30  m)  and  TL  is  the  temperature  at  the  bottom  of  that  layer. 

In  each  of  the  above  equations  the  values  are  adjusted  to 
reflect  the  gradient  per  100  m,  thus  permitting  comparison  among  ob¬ 
servations.  Values  that  differ  considerably  from  neighboring  values 
should  be  treated  with  suspicion.  Particular  variability  in  thermal 
structure  data  can  be  expected  near  oceanic  fronts.  Although  XBT 
traces  normally  have  an  isothermal  or  slightly  negative  ILG,  positive 
gradients  are  not  unusual  in  frontal,  coastal,  and  polar  regions.  An 
increase  of  temperature  greater  than  0.1°C  at  depths  below  200  m 
should  be  questioned. 


*Hereafter,  temperature  levels  will  be  indicated  by  the  letter 
followed  by  the  depth  (e.g.,  T200,  TSLD). 
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Acoustic  Data  Processing 

Acoustic  data  normally  plotted  include  SLD,  areas  where 
convergence  zone  (CZ)  mode  of  sonar  ranging  is  possible,  and  extent 
and  axial  depth  of  near-surface  sound  channels.  Because  sound  speed 
data  are  rarely  available  to  Fleet  ASW  units,  sonic  structure  is 
normally  estimated  from  thermal  structure  data.  Therefore,  the  previous 
comments  on  processing  of  oceanographic  data  apply  equally  well  to 
this  section. 

Sound  speed  is  affected  by  depth  and  salinity  as  well  as 
temperature.  Although  salinity  has  relatively  little  effect,  depth 
(pressure)  may  have  considerable  effect  on  the  determination  of  SLD. 
Where  slightly  negative  temperature  exists,  the  effect  of  depth  may 
be  sufficient  to  cause  the  sound  maximum  to  occur  at  the  bottom  of  the 
layer.  For  example,  suppose  that  a  near-isothermal  layer  occurred 
with  a  surface  temperature  of  15.1°  and  a  temperature  of  14.9°C  at  a 
depth  of  50  m.  The  0.2°C  temperature  decrease  in  the  layer  causes  a 
decrease  in  sound  speed  of  0.6  m/s.  However,  the  effect  of  the  50-m 
depth  increase  causes  an  increase  in  sound  speed  of  0.8  m/s  for  a 
net  increase  of  0.2  m/s.  Figures  2  and  3  give  the  thermal  change  that 
can  exist  at  various  temperatures  without  overcoming  the  effect  of 
depth.  In  the  case  of  the  previous  example,  enter  figure  2  at  a  depth 
of  50  m  and  move  horizontally  to  the  nearest  temperature  line  (15°C) . 
Then  move  vertically  down  to  the  temperature  scale  where  a  value  of 
0.26°  is  read.  Any  temperature  change  less  than  this  (0.2°  in  the 
example)  is  insufficient  to  override  the  effect  of  depth.  SLD  will 
thus  be  at  the  bottom  of  the  slightly  negative  temperature  layer. 

If  the  layer  thickness  is  greater  than  the  maximum  depth  shown  on  the 
graphic  (e.g.,  260  m) ,  simply  solve  the  problem  by  using  two  layers 
(200  m  +  60  m)  and  add  the  results. 

A  similar  effect  occurs  in  areas  such  as  the  Sargasso  and 
Mediterranean  Seas  and  in  the  Arctic,  where  a  seasonal  thermocline 
develops  above  a  near-isothermal  layer  during  spring  and  summer.  A 
sound  minimum  occurs  at  the  bottom  of  the  seasonal  thermocline  and 
the  effect  of  depth  overrides  the  slightly  negative  temperature  gradient 
forming  a  so-called  'depressed'  sound  channel.  Figures  2  and  3  again 
can  be  used  to  determine  if  the  near-isothermal  layer  forms  a  depressed 
sound  channel.  The  channel  axis  will  normally  be  at  the  top  of  the 
layer. 


When  sound  speed  near  the  ocean  floor  is  greater  than  that 
at  the  surface,  some  of  the  sonic  energy  originally  refracted  downward 
toward  the  bottom  will  be  refracted  upward  toward  the  surface,  forming 
a  convergence  zone.  Range,  width  and  intensity  of  the  CZ  is  a  function 
of  depth  excess;  that  is,  the  vertical  distance  between  critical  depth* 
and  the  bottom.  Depth  excess  generally  must  be  at  least  1000  m  if  CZ 
propagation  is  to  be  operationally  useful.  Range  to  the  inner  edge  of 


*Critical  depth  is  that  depth  below  the  deep  sound  channel  axis  where 
sound  speed  is  equal  to  that  at  SLD. 
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LAYER  THICKNESS 


ENGINEERING  UNITS 


TEM PER ATC  R E  DI FFER ENCE 


Figure  3.  Effect  of  temperature  versus  depth  in  sound  speed  computations 
(engineering  units). 


the  first  CZ  annulus  varies  between  33  and  70  kyds,  depending  upon 
geographic  area.  Areas  of  high  insonif ication  at  ranges  less  than 
33  kyds,  or  where  depth  excess  is  insufficient  for  CZ  propagation, 
are  probably  the  result  of  bottom  bounce  (BB)  propagation. 

Plotting  and  Analysis 


The  experienced  analyst  develops  techniques  over  the  years 
that  permit  rapid  plotting  and  analysis  of  environmental  data.  The 
following  suggestions  are  provided  as  an  aid  in  developing  these 
techniques.  In  the  example  given  only  a  portion  of  available  data  is 
used.  The  decision  as  to  what  data  should  be  plotted  depends  upon  what 
information  is  required  for  subsequent  briefings.  For  example,  deter¬ 
mination  and  plotting  of  the  temperature  difference  between  200  and  300 
m  (DT)  is  meaningless  if  it  is  not  required  for  water  mass  identification. 

Choice  of  plotting  base  and  method  of  plotting  are  the 
prerogative  of  the  analyst.  Where  a  mercator  base  is  desired,  nautical 
charts  or  plotting  sheets  are  recommended,  but  graph  paper  or 
maneuvering  boards  also  may  be  used. 

Use  of  a  summary  sheet  may  be  helpful  in  preparing  the 
data  for  plotting.  A  sample  summary  sheet  is  shown  as  figure  4  with 
fictitious  BATHY  and  SST  data.  Data  entered  on  this  sheet  will  be  used 
later  to  prepare  a  sample  analysis.  Ship  name,  DTG,  position,  thermal 
structure  data  at  various  levels,  SLD,  and  water  mass  are  generally 
sufficient.  Water  mass  is  determined  from  Appendix  C  (North  Atlantic 
Ocean),  using  T200  and  DT.  Any  observations  not  meeting  the  quality 
control  criteria  discussed  earlier  or  falling  outside  water  mass 
criteria  given  in  Appendixes  C  through  E  should  be  used  with  caution. 

ICAPS  can  store  XBT  profiles  during  the  data  processing  routine  and 
the  analyst  can  rapidly  recall  this  file.  If  an  XBT  probe  mal¬ 
functioned  below  the  surface  layer,  SST  and  SLD  may  be  used  if  in 
agreement  with  surrounding  observations. 

After  this  summary  sheet  has  been  completed  and  a  preliminary 
error  check  made,  the  data  should  be  transferred  to  the  plotting  sheet. 
Figure  5  shows  a  plotting  sheet  with  position,  DTG,  and  applicable 
data  entered  from  the  summary  sheet.  Symbols  or  colored  pencils  may 
be  used  to  identify  each  ship — again  this  is  the  analyst's  choice. 

Position  errors  are  frequently  revealed  by  computing  the  speed  of 
advance  (SOA)  between  successive  observations.  For  example,  an  SOA 
°f  over  56  kts.  is  required  to  achieve  the  07/0000  position  of  the 
MCCANDLESS  as  recorded  on  the  sample  plot.  Therefore,  this  observation 
should  be  discarded  if  the  correct  position  cannot  be  determined  from 
other  sources  (DRT  plot.  Quartermaster's  log,  etc).  Pertinent  informa¬ 
tion — such  as  SST,  SLD,  and  water  mass — may  be  plotted  either  on  the 
base  chart  or  on  overlays  of  tracing  paper  (figures  6  and  7).  It  is 
helpful  to  analyze  SST  first  because  these  data  are  more  plentiful, 
thus  permitting  definition  of  the  more  obvious  ocean  features.  Sub¬ 
sequent  analyses — such  as  the  SLD  analysis  shown—normally  are  configured 
to  agree  with  the  SST  analysis. 
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Figure  4.  Sample  oceanographic  data  summary  sheet. 
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During  the  plotting  and  analysis  phases  the  analyst  must 
apply  his  knowledge  of  oceanography  with  respect  to  (1)  elimination 
of  data  that  vary  markedly  from  other  data  and  (2)  the  properties  of 
mesoscale  oceanic  features  of  the  area.  For  example,  the  7/0100  XBT 
drop  made  by  the  BROWN  showed  an  SST  of  29.5°C;  some  6°C  higher  than 
other  data  in  the  same  general  area.  Although  SLD,  T200,  and  T300  were 
reasonable,  uncertainty  as  to  the  accuracy  of  the  observation  prohibits 
its  use  in  the  analysis.  However,  the  6/1800  and  6/1900  data  collected 
by  the  MCCANDLESS  to  the  southwest  of  the  aforementioned  BROWN  observa¬ 
tion  show  characteristics  of  Gulf  Stream  water.  The  presence  of  cold 
water  adjacent  to  the  MCCANDLESS  observations  indicates  that  the  warm 
water  is  isolated  from  the  Gulf  Stream  as  an  eddy. 

Knowledge  of  oceanic  processes  is  helpful  in  maintaining 
objectivity.  In  frontal  zones,  where  water  masses  of  different 
temperature-salinity  characteristics  occur,  it  is  common  for  the 
warmer,  more  saline  (and  thus  lighter)  water  to  override  the  colder, 
less  saline  water  with  the  result  that  SLD  may  approach  the  surface. 

In  the  example  given,  a  zone  of  near-zero  SLD  is  likely  near  the 
oceanic  front  separating  slope  water  and  Gulf  Stream  water. 

The  completed  water  mass  analysis  (figure  8)  can  now  be 
drawn.  Prior  to  labeling  the  analysis,  XBT  traces  representative  of 
each  water  mass  should  be  selected.  In  selecting  a  typical  trace  the 
analyst  should  especially  consider  shape  of  the  trace,  T200,  SLD,  and 
SST.  Once  a  trace  has  been  selected,  its  position  should  be  plotted 
on  the  analysis  along  with  identification  (A  through  D  in  the  analysis) . 
Name  of  water  mass  and  variability  of  SST  and  SLD  now  can  be  added  to 
the  water  mass  on  the  analysis. 

The  full  suite  of  ICAPS  acoustical  and  tactical  products  can 
now  he  made  using  the  respresentative  XBT  traces  selected  for  each 
frequency  and  source  depth/hydrophone  depth  desired.  Other  environ¬ 
mental  data  (wave  height,  bottom  classification,  water  depth,  ambient 
noise,  scattering  coefficients)  will  be  required  to  compute  passive 
and  active  sonar  ranges.  Graphics  showing  sound  speed  profiles  in  the 
near  surface  layer  and  propagation  loss  for  each  of  the  typical  XBT 
traces  are  shown  as  figures  9  and  10  respectively.  (These  graphics 
were  taken  from  a  CRT  display  using  a  hard  copier  on  the  ICAPS  mini¬ 
computer)  . 


Items  such  as  predicted  sonar  range  (in-layer,  cross-layer, 
below-layer) ,  best  depth,  areas  where  CZ  or  BB  modes  sonar  operation 
may  be  used,  etc.,  should  be  added.  The  computed  data  are  now 
available  to  develop  ASW  tactics  suitable  for  each  water  mass.  When 
completed,  a  briefing  package  is  available  providing  near  real-time 
environmental  and  tactical  information  to  operational  ASW  forces. 
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Figure  8.  Smooth  water  mass  analysis. 


VII. 
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APPENDIXES 


APPENDIX  A* 


BATHYTHERMOGRAPH  RADIO  MESSAGE  INFORMATION 

A.  EVALUATING  TRACE  FOR  RADIO  MESSAGE  INFORMATION  ENTRIES. 

(See  SAMPLE  RECORDER  TRACE  fig.  C-l) 

To  facilitate  the  use  of  bathythermograph  (BATHY)  informa¬ 
tion  for  synoptic  forecasting,  the  following  procedures  must  be 
followed: 

1.  The  trace  should  be  read  to  the  nearest  tenth  of  a 
degree  in  temperature  and  to  the  nearest  whole  unit  of  depth.  If 
temperature  is  in  Fahrenheit  and/or  depth  in  feet,  convert  to  metric 
units  (°C,  m.). 

2.  When  interpreting  and  encoding  the  bathythermograph 
trace,  always  include: 

a.  Water  temperature  at  the  sea  surface  (or  the  first 
readable  temperature  in  the  upper  10  m)  and  at  the  deepest  point  of  the 
trace. 

b.  Sufficient  inflection  (flexure)  points  to  describe 
the  temperature  structure  and,  in  addition,  significant  irregularities 
in  the  surface  layer.  In  the  upper  500  m  never  report  more  than  20 
points.  Usually  the  number  of  points  required  to  describe  the  trace  in 
the  upper  500  m  will  be  less  than  20. 

c.  The  top  and  bottom  of  isothermal  layers. 

d.  Additional  intermediate  points  to  support  any 
large  temperature/depth  differences.  The  temperature  difference 
between  two  consecutive  depth/temperature  entries  should  never  exceed 
3°C.  All  such  intermediate  points  should  be  read  to  the  nearest  whole 
degree  C. 

3.  Do  not  adjust  the  trace  to  agree  with  the  reference 
temperature. 

4.  Do  not  routinely  interpret  the  trace  at  the  convenient  depth 
increments  (5  m,  20  m,  etc.)  unless  inflection  points  actually  exist  at 
those  depths. 

5.  All  values  must  be  recorded  accurately  (every  entry  must  be 
rechecked) . 


6.  If  the  instrument  strikes  the  sea  bottom  read  the  temperature 
depth  value  and  report  it  in  RADIO  MESSAGE  INFORMATION  according  to 
SPECIAL  CODING  INSTRUCTIONS  FOR  THE  00000  indicator  group. 

*This  appendix  is  a  reproduction  in  part  of  OCEANAVINST  3160. 9B  of  19 
June  1972. 

27 


B.  RECORDING  THE  RADIO  MESSAGE  INFORMATION 

The  following  procedures  should  be  followed  to  enter  bathythermograph 
data  on  "BATHYTHERMOGRAPH  LOG"  NOAA  Form  77-22  (fig.  C-l) . 

1.  Message  Prefix  -  Preprinted  JJXX  identifies  bathythermograph 
observations . 

2 .  DATE  (YYMMJ) 

YY  Day  -  Enter  the  day  of  month  as  determined  by  GMT  using 
numerals  01  through  31. 

MM  Month  -  Enter  month  of  year  using  numerals  01  through  12. 

J  Year  -  Enter  the  last  digit  of  year. 

3.  TIME  (GGgg /) 

GG  Hour  -  Enter  the  GMT  hour  of  observation. 

gg  Minutes  -  Enter  the  GMT  time  in  minutes  when  bathythermograph 
entered  water. 

/  Preprinted  symbol. 

4.  LATITUDE  (QcLaLaLaLa) 

Qc  Quadrant  of  globe  -  From  table  C-l  enter  the  quadrant  of  globe. 
LaLaLaLa  Latitude  -  Enter  latitude  in  degrees  and  minutes. 

5.  LONGITUDE  (L0L0L0L0L0)  -  Enter  longitude  in  degrees  and  minutes. 


Table  C-l. 


CODE  QUADRANT 


ladrant  of  the  Globe  (U) 


NW  ■  7 


NE  -  1 


o#| - -t- - |o 


SW  -  5 


SW  -  3 


ft 


6.  INDICATOR  GROUP  88888  -  Temperatures  at  significant  depths  follows: 
BATHYTHERMOGRAPH  TRACE  READINGS 
Surface  Depth  -  Temperature  (ZoZ0T0ToTo) 

ZQZ_  Water  Surface,  00  is  preprinted. 


Ill 
o  o  o 


Enter  the  surface  water  temperature  value  (°C)  as  read 
from  the  BT  trace  to  the  nearest  tenth  of  a  degree.  When 
the  temperature  trace  is  unreadable  in  the  first  10  meters 
enter  solidi  (///). 


ZZTzTzTz  This  group  is  repeated  as  many  times  as  necessary  to 
adequately  describe  the  BT  trace. 

ZZ  For  subsurface  depth  to  99  m  enter  in  whole  m  the  depth 

at  which  corresponding  temperature  values  are  read  from 
the  trace.  Example:  For  5  m,  record  05;  for  97  m,  record 
97. 

SPECIAL  CODING  INSTRUCTIONS 

999NN  NOTE:  Always  include  a  999NN  group  before  recording 

depths  of  100  m,  200  m  and  each  succeeding  100  m  intervals 
to  termination.  NN  is  coded  as  01  for  100  to  199  m;  02 
for  200  to  299  m,  etc.  When  the  999NN  code  is  entered 
mark  out  the  ZZTzTzTz  heading. 

ZZ  For  depths  between  100  and  200  m,  200  and  300  m,  etc., 

enter  the  tens  and  unit  digits  only.  Example  :  for  101  m, 
record  01;  for  256  m,  record  56;  for  375  m,  record  75. 

TZTZTZ  Temperature  Group  -  Enter  water  temperature  at  depth  ZZ 
in  °C  to  tenths  of  degrees.  All  temperature  values  of 
less  than  0°C  will  be  coded  at  5TzTz  (5  indicates  that  a 
negative  reading  follows) . 

00000  Indicator  Group  -  Inserted  after  last  ZZTzTzTz  group  only 
if  last  group  is  an  ocean  bottom  reading. 

* 

RADIO  All  messages  must  terminate  with  the  ship  radio  call  or 

CALL  aircraft  squadron  designator  or  the  letters  ACFT. 
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C.  HOW  TO  ADDRESS  MESSAGES  FOR  RADIO  TRANSMISSION 

Message  addresses  should  be  indicated  and  forwarded  as  follows  : 

OBS  METEO  WASHDC  -  For  all  platforms  other  than  Navy  and  under  IOC, 
IGOSS  auspices. 

FLENUMWEACEN  -  For  Navy  sponsored  aircraft  and  ship  observations 
in  accordance  with  current  Navy  instructions. 

D.  INSTRUCTIONS  FOR  NAVY  USE 

BATHY  messages  will  be  transmitted  with  PRIORITY  precedence, 
classified  in  accordance  with  the  ship's  movement.  The  heading  on 
the  BATHY  radio  message  is  identical  to  the  heading  on  any  Navy  message. 

For  example : 

P  2500152  DEC  71 

FM  USS  BOSTON 

TO  RUWJAGD/ FLENUMWEACEN  MONTEREY 

BT 

UNCLAS 

JJXX  etc . 

Navy  ships,  in  addition  to  filling  out  the  REFERENCE  and  RADIO 
MESSAGE  INFORMATION  sections,  will  fill  in  the  Navy  ship  section  in 
the  upper  left  corner  of  the  log  sheet  as  follows: 

3-4.  Enter  first  two  letters  of  ship  type  in  spaces  3  and  4, 

and  remaining  letters  as  appropriate  in  the  next  two 
shaded  unnumbered  spaces. 

5-7.  Enter  hull  number  in  spaces  5-7;  precede  by  zeroes  if 

less  than  3  digits.  If  hull  number  is  4  digits,  enter 
the  first  digit  in  the  shaded  unnumbered  space. 

12-14.  Enter  last  digit  of  current  calendar  year  in  space  12. 
Enter  two  digit  number  of  current  month  in  spaces 
13-14;  Example  :  August  1972  is  coded  as  208. 

Navy  aircraft,  in  addition  to  filling  out  the  REFERENCE  and  RADIO 
MESSAGE  INFORMATION  sections,  will  fill  in  the  Navy  aircraft  section  in 
the  upper  right  corner  of  the  log  sheet,  as  follows: 

3-4.  Enter  first  two  letters  of  squadron  type  in  boxes  3-4. 

(Exception  :  VAW  squadrons  enter  "AW") . 


.  -rjtmir  -  —  ■  -Tty 
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5-7.  Enter  squadron  number  in  spaces  5-7;  precede  by  zeroes  if 

less  than  3  digits  (Exception  :  detachments  enter  "D" 
followed  by  detachment  number) . 

8-11.  Enter  numbers  and/or  letters  assigned  to  identify,  within 
a  squadron,  each  sortie  of  each  aircraft. 

12-14.  Enter  last  digit  of  current  calendar  year  in  space  12. 

Enter  two  digit  number  of  current  month  in  spaces  13-14. 
Example:  August  1972  is  coded  as  208. 

Preprinted  letters  under  some  of  the  boxes  are  for  data  processing 
purposes  and  are  not  of  concern  to  the  bathythermograph  operator. 

Navy  submarines  will  fill  out  the  RADIO  MESSAGE  INFORMATION  section 
as  follows : 

In  the  Surface  Depth-Temperature  group  (with  00  preprinted  in 
depth  group  (ZQZ0) ;  enter  999  in  temperature  group  T0T0T0  to  indicate 
submarine  observations. 
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FIGURE  C-l  SAMPLE  RECORDER  TRACE 


APPENDIX  B 

EXAMPLES  OF  XBT  MALFUNCTIONS 


Under  normal  usage,  approximately  5  percent  of  XBT  probes  will 
malfunction  for  one  or  more  reasons.  Unfortunately,  occasions  arise 
when  nearly  all  of  a  batch  of  XBT  probes  fail  because  of  improper 
storage  (high  temperature,  storage  other  than  vertical)  or  old  age 
(normal  shelf  life  is  3  to  5  years) .  When  failures  occur,  the  analyst 
must  recognize  them  in  order  to  assure  analysis  accuracy.  Higher  than 
normal  failure  rate  will  be  experienced  in  strong  oceanic  frontal  zones, 
during  heavy  seas,  and  when  the  reporting  ship  is  streaming  instrumenta¬ 
tion  such  as  a  VDS. 

The  following  figures  show  a  variety  of  XBT  failures.*  Complete 
failures  are  relatively  easy  to  detect.  Marginal  failures  are  frequently 
difficult  to  determine,  particularly  when  taken  in  frontal  areas.  When 
in  doubt,  a  second  probe  should  be  dropped  as  soon  as  possible  to 
validate  the  trace  in  question. 


*A  more  comprehensive  description  of  XBT  failures  is  given  in  Kroner,  S.M. 
and  B.P.  Blumenthal,  Guide  to  common  shipboard  expendable  bathythermograph 
(SXBT)  recording  malfunctions,  Naval  Oceanographic  Office  Reference  Report 
21 »  Bay  St.  Louis,  MS.  (In  preparation). 
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ace  taken  in  shallow  water.  Horizontal  tick  mark  at  98  m  is  characteristic  of 
striking  bottom. 
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stretch  occurred  at  the  surface,  thus  preventing  accurate  determination  of  SST  and 
Temperature  at  depth  is  lower  than  that  shown  on  trace. 


TEMPERATURE  (°C)  DEPTH  (METERS) 


TEMPERATURE  (°C) 


!■■■■■■■■■■  ■■■■■  55855  55555 55! 


«■■■■•■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

••«■■■■■■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■ 
aaiiaaaaaaaaaaaaaaaaa  aaaaaaai 

■■■■■■■■■■■■■■■■■■■rjaaaaaa 

:  iei!  i:::ss  ii 
iis:  sssssss 

mu  n»::: 

■■■■■■■■■■■■■•■■■■■■■■■■■■■< 

!§■■■■■■■■■  ■■■»«■■■■■  ■■■■■■■! 

aaaan  ■■■■■  ■■■■■  ■■■■■  aaaaa  MM 
ManiiiHiMMaaaMMHUM 
■■■■i  ■■■■■  aaaaa aaaaa  aaaa:  re* 
lBaaMaaaiBaaaaaaaaap>WMi;?l 
•aaaaiaaaiB'.ii'rar^aBKtkjaaaaii 
aaaaa  laaaa^aaa^ aat'ati aaaaa aaa 
«aaaaiiaaaiaaaaaBaa*iaBaaaaiB 
*aaaiiiaiMaiiaa«aaaMiaaiaaa 
aaaaaiaaaiaaaaacaaaMiaaaaaaa 
aaaaa aaaaa aaaaa aaaaa aaaaa aaa 
»  -  <a  ia  ib  aaaaaaaMMM 

aaaaa aiaan aaaaa aaaaa a 


aaaaa  aaaaaaaaaaaaaa»^»aaaa  aaaaa 
■aaaaaaaaaaBaaaaaaaKiaaaaaaaaa 


Figure  8.  XBT  trace  taken  in  the  North  Polar  Front  showing  the  difficulty  in  distinguishing  oceanic 
variability  (below  100  m)  from  wire  leakage  (above  310  m). 
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Excursion  of  pen  to  right  side  of  recorder  chart  is  probably  caused  by  a  bad  wire  con¬ 
nection  between  recorder  and  launcher.  Temperature  values  are  high  over  entire  depth 
range  of  the  trace. 


APPENDIX  C 
WATER  MASS  CRITERIA 
NORTH  ATLANTIC  OCEAN/MEDITERRANEAN  SEA 


This  appendix  presents  area  definition  and  the  thermal 
characteristics  of  each  water  mass  within  the  file  for  the  North 
Atlantic  Ocean  and  the  Mediterranean  Sea.  Subsequent  appendixes 
cover  the  North  Pacific  and  the  Indian  Oceans.  Each  segment  is 
divided  into  areas  designated  by  letter  (e.g.,  Atlantic  A).  Within 
each  segment,  geographic  regions  of  similar  oceanic  properties  are 
designated  by  number  (Atlantic  All) .  Although  as  many  as  five  water 
masses  may  occur  in  each  region,  most  regions  normally  contain  one 
or  two.  For  example,  region  All  includes  three  water  masses: 

Southern  Slope,  Stream,  and  Sargasso.  It  should  be  noted  that 
large  water  masses,  such  as  the  Sargasso  Sea,  may  cover  several 
regions.  Regions,  water  mass  names,  temperature  range  at  200  m 
(temperature  filter)  ,  temperature  difference  between  200  and  300  m  (DT) 
where  applicable,  file  position  in  the  ICAPS  water  mass  file,  and 
frequency  of  observation  of  each  water  mass  are  provided  in  tabular 
form  for  each  segment. 

Water  mass  classification  should  be  made  initially  using 
temperature  at  the  200  m  level.  When  two  water  masses  have  similar 
temperature  characteristics  at  this  level,  the  temperature  difference 
between  200  and  300  m  (DT)  should  be  used  as  a  tie  breaker. 
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APPENDIX  D 
WATER  MASS  CRITERIA 
NORTH  PACIFIC  OCEAN 
(See  Appendix  C  for  explanation) 
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APPENDIX  E 
WATER  MASS  CRITERIA 
INDIAN  OCEAN 
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APPENDIX  G 
GLOSSARY  OF  ACRONYMS 


ASW 

-  Antisubmarine  Warfare 

BATHY 

-  Bathythermograph  data  encoded  for  transmission 

BB 

-  Bottom  Bounce 

BLG 

-  Below-layer  Gradient 

BT 

-  Bathythermograph 

CZ 

-  Convergence  Zone 

DR 

-  Dead  Reckoning 

DT 

-  Temperature  at  300m  minus  temperature  at  200m 

DTG 

-  Day/Time/Group 

FLENUMWEACEN 

-  Fleet  Numerical  Weather  Central,  Monterey 

ICAPS 

-  Integrated  Command  ASW  Prediction  System 

ILG 

-  In-layer  Gradient 

IR 

-  Infrared 

NWPCB 

-  Naval  Warfare  Planning  Chart  Base 

SLD 

-  Sonic  Layer  Depth 

SOA 

-  Speed  of  Advance 

SST 

-  Sea  Surface  Temperature 

TL 

-  Temperature  at  the  base  of  the  below  layer  gradient 

TSLD 

-  Temperature  at  Sonic  Layer  Depth 

T200 

-  Temperature  at  the  200-m  level.  Temperature  at  any 

level  has  a  prefix  "T"  followed  by  the  depth. 

XBT 

-  Expendable  Bathythermograph 

93 


DISTRIBUTION  LIST 


COMSECONDFLT 
COMSIXTHFLT 
COMSEVENTHFLT 
CTF  69 

COMSURFWARDEVGR.U 
COMSuBDEVGRU  ONE 
COMS'JBDEVRON  TWELVE 
COMNAVINTCOM 
DIRNAVOCEANMET 
CINCLANT 
CINCPACFLT 
COMSuBLANT 
COMSUBPAC 
FLENUMWEACEN 
FLETRACEN 
COMASWSUPPTRA  DET 
NAVPGSCOL 
COMNAVAIRLANT 
NATC 

NAVAI RDEVCEN 
CNO  (OP  951) 

COWAVAIRSYSCOM 
USS  SARATOGA  (CV-60) 

USS  AMERICA  (CV-66) 

FLEWEACEN  ROTA 
"  NORFOLK 

"  PEARL  HARBOR 

"  G  AM 

TSC  BERM.DA  2  copies 

TSC  LAJES  2  copies 

TSC  MOFFETT  2  copies 

NAVWEASERVFAC  ALAMEDA 
"  GLENVIEW 

"  JACKSONVJ LLE 

"  PENSACOLA 

"  SAN  DIEGO 

"  YOKOSUKA 

NWSED  ADAK 
"  AGANA 
"  ATSUGI 
"  BARBERS  POINT 
"  BERMUDA 
"  BRUNSWICK 
"  CECIL  FIELD 
"  CUBI  POINT 
"  KADENA 
"  KEFLAVIK 
"  MISAWA 
"  MOFFETT  FIELD 
"  NAPLES 
"  PATUXENT  RIVER 
"  ROOSEVELT  ROADS 
"  SIGONELLA 


2  copies 
2  copies 


2  copies 
2  copies 


NORDA  2  copies 

NUSC  2  copies 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  QWimt  Polo  Bntorod) 


|  REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

N00  RP  20 

S.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (tmd  Subtitle) 

Oceanographic  Analysis  Manual  for  On-scene 
Prediction  Systems 

5.  TYPE  OF  REPORT  b  PERIOD  COVERED 

S.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHOR!*; 

S.  CONTRACT  OR  GRANT  NUMBER!*; 

Alan  Fisher,  Jr. 

S.  PERFORMING  ORGANIZATION  NAME  AND  AODRESS 

U.S.  Naval  Oceanographic  Office 

NSTL  Station 

Bav  St.  Louis.  MS  39522 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  S  WORK  UNIT  NUMBERS 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

12.  REPORT  DATE 

May  1978 

IS.  NUMBER  OF  PAGES 

93  (Incl  6  appendixes) 

M.  MONITORING  AGENCY  NAME  «  AODRESSf/f  difforont  from  Controlling  Ot  Hem) 

is.  security  Class,  (oi  tnio  report; 

UNCLASSIFIED 

U.  DISTRIBUTION  STATEMENT  (ol  II ,lo  Raporl; 


Approved  for  public  release,  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ol  tho  abstract  ontorod  In  Bio ek  30,  II  dltloront  Ran  Report) 


is.  supplementary  notes 


IS.  KEY  BOROS  (Conthmo  on  tottoroo  oldo  II  noeoooor y  ond  Idontllr  b y  block  nuaibar> 

ICAPS 

On-scene  prediction  Sound  speed  conversion 

Oceanographic  data  collection  Water  masses 

Oceanographic  data  analysis 
Oceanographic  data  interpretation 

to.  ABSTRACT  fCanHnua  on  tororoo  oldo  II  nocoooory  ond  Idontllr  by  block  numb or) 

This  report  is  intended  to  acquaint  Naval  personnel  having  minimal 
oceanographic  training  with  techniques  used  to  prepare  an  oceanographic 
analysis  as  an  initial  step  in  acoustic  performance  prediction.  Oceanographic 
data  are  discussed  with  particular  emphasis  on  the  quality  control  of 
expendable  bathythermograph  (XBT)  data.  Oceanic  features,  such  as  water  j 

masses  and  boundaries,  are  reviewed  to  provide  background  information  necessary 
for  meaningful  analysis.  A  sample  analysis  is  made  to  assist  the  inexperienced 
jjn*^2®^^nj£tkgd2Jjgedj-^inalljj^theiigrocessi>ofB|selectinj^jd^at^regresenta£ivjjJ 

00  1  1473  IDITION  OP  <  MOV  ••  IE  OBSOLETE 

t/n  0102*014* SSOI  I 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OP  THIS  RAO 


UNCLASSIFIED _ 

-Liu  HI  TV  CLASSIFICATION  OF  THIS  PAOEflWmi  Data  Bnltnd) 

ABSTRACT  continued: 

of  each  water  mass  for  input  into  acoustic  models  is  discussed. 


